We evaluated the role of several prognostic factors in predicting death and/or progressive disease in patients with renal cell carcinoma. Materials and Methods: Between 2004 and 2010, 227 consecutive patients with renal cell carcinoma underwent radical nephrectomy at our Institute. All histological specimens were examined by the same pathologist. We considered certain histological parameters, including histological subtype, conventional Fuhrman grade, presence of sarcomatoid features, adrenal gland infi ltration, invasion of the perinephric fat, vascular embolization, collecting system invasion, presence or absence of tumour necrosis (0%, 1% to 49%, or 50% or greater) and regional lymph node metastasis. Results: Variables signifi cantly associated with death and/or progressive disease on univariate analysis were histological subtype (p = 0.006), Fuhrman grade (p < 0.0001), tumor necrosis (p = 0.009), perinephric fat invasion (p = 0.002), vascular embolization (p = 0.0002), presence of lymph node involvement (p < 0.002), tumor size (p = 0.0006), TNM stage (p < 0.00001) and presence of metastasis (p < 0.00001). In the multivariable model histological subtype, tumor necrosis, lymph node involvement and presence of metastasis were independent risk factors for disease-free survival (p = 0.011, 0.042, 0.025 and p < 0.0001, respectively). Conclusion: Histological subtype, tumor necrosis, lymph node involvement and presence of metastasis proved to be independent prognostic factors for disease-free survival. Therefore, the presence and rate of tumor necrosis should always be informed by the pathologist and lymphadenectomy should be performed in all patients. 
INTRODUCTION
Africa, Asia and the Pacific (2) . We have in our national literature a lack of data concerning the general characteristics of patients with renal malignancy, since the disease is not among the 10 most frequent tumor types annually reported by the Brazilian National Cancer (3) . The Brazilian Society of Urology, through the ENCARE study, initiated a project aimed to carry out an epidemiological study of renal cancer in our country. Recently complete data from this study was published (4) . The current work aims to show, from a survey of factors relevant to disease, the profile of patients with this type of pathology at the National Cancer Institute over the past six years.
MATERIALS AND METHODS
Between 2004 and 2010, 227 consecutive patients including 116 males (51%) and 111 females (49%) with renal cell carcinoma (RCC) were referred to our Institute and treated with curative intent by radical nephrectomy. Other 26 patients, 14 males (53.8%) and 12 females (46.2%) with normal contralateral kidneys underwent partial nephrectomy with the same curative intent. These last patients were excluded of this study because most of them were operated after 2009 which hampered the analysis of their survival. After obtaining institutional board approval, pathological data of these patients were prospectively evaluated. Data collected by tumor registrars on all tumors included standard tumor registry data elements, such as patient age, gender, diagnosis date, initial therapy, follow-up, subsequent therapy and outcome. Patient follow-up data were gathered from medical charts at our institution and when necessary through contact with the patient family. We retrospectively reviewed the charts to determine dates of recurrence and death, as well as cause of death. Mean and median patient age was 58 and 60 years at diagnosis (range 2 to 83). Follow-up was evaluated in 223 of 227 patients. Median follow-up was 28 months (range 0 to 88).We excluded from the analysis of survival curves 4 patients with less than 1 month of clinical follow-up.
Study inclusion criteria were: surgical resection of pathologically confirmed renal cell carcinoma, adequate tissue available for pathological reevaluation, and adequate radiographic and/or clinical follow-up data available. Exclusion criteria were: pathologically confirmed urothelial carcinoma or any benign lesion and tissue unavailable for accurate reevaluation.
To facilitate statistical comparisons the patients were grouped into four groups of staging: Stage I (T1 N0 M0), Stage II (T2 N0 M0), Stage III (T3 N0 M0, T1, T2, T3 N1 M0) and Stage IV (T4 N0, N1 M0 any T N2 M0 any T any N M1).
The weight and tumor size were recorded from surgical pathology reports. Pathological material were re-reviewed by a single pathologist (ABSS) blinded to clinical outcome data.
The data captured were histological type according to the 2004 WHO classification. The pathological variables studied were histological subtype, conventional Fuhrman grade, presence of sarcomatoid features, adrenal gland infiltration, invasion of the perinephric fat, vascular embolization, collecting system invasion, presence or absence of tumour necrosis (0%, 1% to 49%, or 50% or greater) and regional lymph node metastasis. These factors were gathered together in the universally used 2002 AJCC TNM staging classification system. Not all the parameters chosen for analysis were available for all patients. For example, not all patients underwent lymphadenectomy, thus preventing the histological analysis of lymph nodes in these cases. Also some histological parameters could not be evaluated in all patients by lack of information on pathological material reviewed by the pathologist.
The data obtained were recorded on a standard research form and filled in a database. Analysis was performed using SPSS®. The associations of qualitative factors with death and/or presence of progressive disease were done with the chi-square test. Independent factors related to death and/or progressive disease were identified by linear regression analysis with p < 0.05 considered statistically significant. Disease-free survival (DFS) was defined as time to the date of progression of disease and/or to the date of death from disease. The Kaplan-Meier technique was used to evaluate DFS and the log rank test was used to compare survival curves with p < 0.05 as the significance cutoff.
RESULTS
When our patients were stratified according clinical stage there were 73 (32.1%) with stage I, 68 (29.9%) with stage II, 66 (29%) with stage III and 15 (6.6%) with stage IV. We were unable to evaluate the clinical staging in the medical records of five patients.
When tumors were stratified according to size there were 22 tumors (9.7%) with 4 cm or less in diameter, 79 tumors (34.8%) larger than 4 cm and lesser than 7 cm and 124 tumors (54.6%) larger than 7 cm in diameter. We were unable to measure the diameter of the tumor in 2 patients.
Histological findings confirmed renal cell carcinoma (RCC) in all 227 patients. Of the 227 specimens 165 (72.7%) were identified as clear cell carcinoma, 24 (10.6%) as chromophobe tumor, 11 (4.8%) as papillary tumor type I, and 13 (5.7%) as papillary tumor type II. One group of 12 patients (5.3%) presented sarcomatoid features and were studied separately. Sarcomatoid RCC, initially considered a distinct subtype, is now recognized as a high-grade transformation that can arise in any subtype of RCC. The remaining 2 cases were a neuroendocrine tumor and a tumor of unclassified mesenchymal lineage. 46 patients (20.3%) had metastatic disease, 33 (14.5%) died of RCC and 11 (4.8%) were alive but showing progression of the disease when the survey was done.
Regarding Fuhrman grade 24 patients (10.6%) were classified as grade I, 97 (42.7%) as grade II, 61 (26.9%) as grade III and 38 (16.7%) as grade IV. In the specimens of seven patients we were unable to classify according to Fuhrman grade due to reasons explained in the section Materials and Methods.
Invasion of adrenal gland occurred in no more than 7 patients. Perinephric fat invasion, collecting system invasion and vascular embolization were present respectively in the specimens of 62 (27.3%), 38 (16.7%) and 69 (30.4%) patients.
Among the specimens, 108 (47.6%) showed tumor necrosis, which was identified in 77 of 165 cases (46.7%) of clear cell, 6 of 11 (54.5%) of papillary type I, 8 of 13 (61.5%) of papillary type II, 6 of 24 (25%) of chromophobe and in 9 (75%) of 12 specimens with sarcomatoid features. A total of 118 patients (52%) had no tumor necrosis, 61 (26.9%) had less than 50% and 47 (20.7%) had 50% or greater. In one patient it was not possible to assess the presence or absence of tumor necrosis.
Lymph node involvement was present in 22 of 130 patients. Metastases occurred in 46 of our 227 patients. Death and/or progressive disease results significantly correlated with histological subtype (p = 0.006), Fuhrman grade (p < 0.0001), tumor necrosis (p = 0.009), perinephric fat invasion (p = 0.002), vascular embolization (p = 0.0002), presence of lymph node involvement (p < 0.002), tumor size (p = 0.0006), TNM stage (p < 0.00001) and presence of metastasis (p < 0.00001). Presence of adrenal invasion or collecting system invasion was not significant (p = 0.14 and p < 0.083). Only histological subtype, tumor necrosis, lymph node involvement and presence of metastasis proved to be independent predictive variables of disease-free survival on multivariate analysis (p = 0.011, 0.042, 0.025 and p < 0.0001, respectively, Table-1) . Histological subtype, Fuhrman grade, the variable percent of tumor necrosis (TN), TN presence/absence, perinephric fat invasion, vascular embolization, presence of lymph node involvement, tumor size, TNM stage and presence of metastases, were also significantly associated with overall survival (OS). Figure-1 shows the disease-free survival of patients in relation to histological subtype. Patients without tumor necrosis had better survival rates after 5 years than those with tumor necrosis (p < 0.0001, Figure-2 ). Log rank analysis also showed differences in 5-year disease survival curves according to the presence of lymph node involvement (p < 0.0001, Figure-3 ) and presence of metastasis (p < 0.0001, Figure-4) 
COMMENTS
The Brazilian National Cancer Institute receives many patients with large tumors who are not candidates for partial nephrectomy. In our evaluation we found only 26 patients undergoing partial nephrectomy. However most of them (18) were operated from 2009 until the end of the study. This has damaged our analysis of patient survival. We prefer to wait some time to publish our data regarding partial nephrectomy in patients with kidney cancer. Partial nephrectomy is indicated for patients with bilateral tumors or a solitary functioning kidney. The success rate is excellent with a cancer-specific survival ranging from 78% to 100%. Although radical nephrectomy remains as standard treatment for localized tumors and normal contralateral kidney, growing number of authors has shown excellent results in these cases with nephron-sparing surgery since preservation of renal function is a prognostic factor for overall survival. For some authors partial nephrectomy must be the established treatment for T1a tumours (< 4 cm) and an emerging standard treatment for T1b tumours (4-7 cm) provided that the operation is technically feasible and the tumour can be completely removed (5).
Our disease-free survival rates after 5 years for patients with clear cell, chromophobe, papillary type I and II RCC were 72.5%, 100%, 90%, and 70% respectively. The presence of a sarcomatoid component was significantly associated with death of our patients with diseasefree survival rate of 21.7% after 35 months of follow-up (Figure-1) . Many studies have shown a better prognosis for patients with chromophobe, papillary and conventional (clear cell) RCCs, respectively (6, 7) . In a large series, Patard et al. (7) found a trend toward a better survival when clear cell, papillary, and chromophobe histologies were considered prognostic categories. However, in multivariate analysis, TNM stage and Fuhrman grade, but not histology, were retained as independent prognostic variables. Unlike in our series, histological subtype proved to be an independent predictive variable on multivariate analysis but this did not occur with Fuhrman grade and TNM stage ( Table-1 ).
Death and/or progressive disease results significantly correlated with the size of the tumors but this parameter has not proved to have statistical significance on multivariate analysis. A recent study from Memorial Sloan-Kettering Cancer Center found that among patients with proven RCC, each 1 cm increase in tumor size increased the odds of having a tumor of high grade by 25% (8).
Only 7 of our patients presented adrenal invasion. Of them 3 died of the disease. The comparative analysis of survival of these patients was impaired due to the small number of patients. Han et al. (9) identified 27 patients with direct adrenal involvement from a universe of 1,087 undergoing nephrectomy. In this study, invasion of the adrenal gland remains a significant independent predictor of decreased survival on multivariate analysis.
Of our 62 patients with perinephric fat invasion, 21 (33.8%) died of RCC and the 5-year disease-free survival rate was 40%. Death and/ or progressive disease results significantly correlated when we compared patients with presence or absence of perinephric fat involvement. However these results were not significant for diseasefree survival on multivariate analysis (Table-1) . Thompson et al. (10) studied 162 patients with perinephric fat invasion of whom 95 (59%), died of RCC. The estimated 5-year disease-free survival rate was 50.9% for these patients.
We found a trend toward a worse prognosis in patients with collecting system invasion (p < 0.083). According to Anderson et al. (11) , the presence of urinary collecting system invasion is independently associated with higher overall and disease-specific mortality in patients undergoing nephrectomy for pT3 RCC.
Tumor thrombi were identified at several sites in 69 patients. These patients had worse prognosis than those who did not have tumor thrombi. However, this parameter has no proved significant on multivariate analysis. According to Feifer et al. (12) , patients with venous branch invasion have an outcome inferior to that of patients with pT1-2 disease. This confirms the adverse prognosis of venous branch invasion and supports pathological up-staging. The prognosis of venous branch invasion would be similar to that of renal vein invasion.
The presence of tumor necrosis, lymph nodal involvement and distant metastasis were the most powerful prognostic factors for survival in our patients with RCC.
The survival rate at 5 years was 82.5%, 71.6% and 62.5% for our patients without tumor necrosis, with less than 50% tumor necro-sis and more than 50% tumor necrosis, respectively (Figure-2 ). In our study the percentage of tumor necrosis was an independent predictor of disease-free survival. While prior series showed that pathologically confirmed tumor necrosis is a marker of aggressive disease and decreased survival, (13) (14) (15) others failed to show an association with decreased survival. (16) (17) (18) . In the largest series, Sengupta et al. (14) examined more than 3,000 patients who underwent partial or radical nephrectomy and found an association between the presence of tumor necrosis with decreased disease specific survival. On multivariate analysis controlling for stage, size and grade the presence of tumor necrosis conferred almost 2 times the risk of death from RCC. In another recent study, Katz et al. (19) identified tumor necrosis in 30% of 841 patients. Those patients with 50% or greater necrosis in the primary tumor were more than 2 times more likely to die of RCC when controlling for nuclear grade, subtype, stage, size and age than patients with less than 50% TN. However, the presence or absence of TN alone failed to remain an independent predictor for survival.
A critical yet unresolved issue in the surgical management of RCC is the role and extent of lymphadenectomy. Some of the difficulty in recommending LN dissection is that there is no standardized and validated template to use. In addition, there is controversy regarding the definition of adequate regional or extended lymphadenectomy for patients undergoing nephrectomy. Whitson et al. (20) in a large series of patients showed an association between increased lymph node yield and improved disease specific survival of patients with lymph node positive nonmetastatic renal cell carcinoma who underwent lymphadenectomy. In our series, lymphadenectomy was performed in 130 of our patients of whom 22 had lymph node involvement. When lymph nodes were negative for malignancy, disease-free survival at 5 years was 80% while in patients with lymph node involvement, rate of disease-free survival dropped to 43.3%. In patients in whom we had no access to the lymph nodes because the lymphadenectomy was not carried out, the rate of disease-free survival reached 70% (Figure-3 ). Perhaps several of these patients should have positive lymph nodes which would explain this intermediate survival rate. Another hypothesis for the lower survival of this group of patients compared with patients with negative lymph nodes would be the removal of micrometastases, undetected by conventional histology, during the lymphadenectomy.
Regarding the presence of metastases, only 14% of patients who developed metastases were alive after 5 years (Figure-4) . Several studies have identified various sites of metastatic disease to have prognostic significance; however, the number of involved sites appears to be a good surrogate for these individual sites. In multivariate analysis, the number of metastatic sites appears to be a strong independent prognostic factor (21).
CONCLUSIONS
Histological subtype (p = 0.006), Fuhrman grade (p < 0.0001), tumor necrosis (p = 0.009), perinephric fat invasion (p = 0.002), vascular embolization (p = 0.0002), presence of lymph node involvement (p < 0.002), tumor size (p = 0.0006), TNM stage (p < 0.00001) and presence of metastasis (p < 0.00001) were significantly associated with death and/or progressive disease on univariate analysis. However, only histological subtype, tumor necrosis, lymph node involvement and presence of metastasis proved to be independent predictive variables of disease-free survival on multivariate analysis (p = 0.011, 0.042, 0.025 and p < 0.0001, respectively). Therefore, the presence and rate of tumor necrosis should always be informed by the pathologist and lymphadenectomy should always be performed in all patients.
